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 A meridic diet was developed for
Arma chinensis for 6 consecutive
generations.
 Nymphal development time
prolonged and fecundity reduced.
 Diet-reared adults lived longer than
prey-fed adults.
 A sex ratio shift in favor of males
occurred in diet-reared populations.
 The rearing method, combination of
plant and artiﬁcial diet, was used
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An artiﬁcial diet comprised of pig liver and tuna ﬁsh but devoid of insect components was developed for
continuous rearing of the predator Arma chinensis Fallou. Our results demonstrated less desirable biolog-
ical parameters in A. chinensis reared on this artiﬁcial diet compared to a secondary prey, pupae of Chi-
nese oak silk moth Antheraea pernyi Guérin-Méneville. Weight of eggs and adults, fecundity and egg
viability were lower for diet-fed A. chinensis compared to A. chinensis reared on pupae of A. pernyi. Devel-
opmental time from 2nd instar to adult and the preovipositional period were signiﬁcantly longer for diet-
fed A. chinensis. Cannibalism was also higher with diet-fed A. chinensis. Over successive generations of
rearing on the diet some of the characteristics improved, such as developmental time, survival from
2nd instar to adult, sex ratio (#:$), adult weight, fecundity and fertility. These changes may indicate that
the predators experience some degree of adaptation to, or genetic selection for, the diet after several con-
secutive generations. There were no changes in developmental time of egg and 1st instar, or survival from
1st to 2nd instar with successive generations reared on the artiﬁcial diet. However, diet-fed adults did
live longer than pupae-fed adults.
 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.1. Introduction
Mass rearing of beneﬁcial insects for use as biocontrol agents is
important given the environmental, health, and resistance issues
associated with the use of chemical insecticides. However, this re-
quires that a large number of beneﬁcial insects must be available at
low costs for augmentative and inoculative releases. Conventional
rearing methods require growing natural prey, i.e., host insects fed
plant or artiﬁcial diet. The production of host insects is expensive
Table 1
Chemically deﬁned ingredients in 220 mL of artiﬁcial diet.
Ingredient Amount
Vitamins
Biotin 0.04 mg
Calcium panthothenate 2.00 mg
Choline chloride 0.10 g
Folic acid 0.50 mg
Inositol 40.00 mg
Nicotinamide 2.00 mg
Pyridoxine 0.50 mg
Riboﬂavin 1.00 mg
Thiamine 0.50 mg
Para aminobenzoic acid 40.00 mg
Vitamin B12 4.00 mg
Vitamin C 0.54 g
Niacin 40.00 mg
Free amino acids
L-Glutamine 1.00 g
Carbohydrates
Sucrose 6.00 g
Antibiotics
Gentamycin sulfate 6.20 mg
Other
Casein hydrolyzate 4.00 g
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However, an artiﬁcial diet may considerably reduce the costs of
mass propagation of beneﬁcial insects (Glenister, 1998; Glenister
and Hoffmann, 1998; Ruberson and Coll, 1998; Thompson, 1999;
Wittmeyer and Coudron, 2001).
Arma chinensis Fallou (Hemiptera: Pentatomidae) is a preda-
ceous pentatomid that is native to China, Korea and Mongolia
(Rider and Zheng, 2002). A. chinensis has received attention
because of its ability to effectively suppress a wide range of agri-
cultural and forest pests, including lepidopteran, coleopteran,
hymenopteran and hemipteran species (Chai et al., 2000; Chen
et al., 2007; Gao, 2010; Gao et al., 1993; Liang et al., 2006; Yan
et al., 2006a,b; Zou et al., 2012). The Colorado potato beetle (CPB)
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae), one of
the most important exotic invasive pests of potatoes and tomatoes
in Asia, has developed resistance to most of the insecticides used
for its control (Graﬁus, 1995), and has the potential of developing
resistance to Bacillus thuringiensis (Bt) toxins (Ferro, 1993; Whalon
et al., 1993). Preliminary tests indicate A. chinensis is able to control
CPB in ﬁeld applications (Y.P. Guo, personal communication).
Meridic diets have been developed for rearing several hemipter-
an predators. Geocoris punctipes Say (Hemiptera: Lygaeidae) was
reared for more than 90 generations on a meridic diet composed
mainly of ground beef and beef liver (Cohen, 1985; Cohen and
Staten, 1994; Cohen and Urias, 1986). Podisus maculiventris Say
(Hemiptera: Pentatomidae) was reared continuously on artiﬁcial
diets, composed mainly of meat and egg ingredients and without
insect and plant material. Nymphal development time was
extended and fecundity reduced signiﬁcantly in diet-fed
P. maculiventris compared to those reared on natural prey (De
Clercq and Degheele, 1992; De Clercq et al., 1998; Wittmeyer
and Coudron, 2001). Studies of Coudron et al. (2002) revealed that
the developmental time, preoviposition period, fecundity and
nymphal survival improved in the domestic colony of P. maculiven-
tris when fed an insect-free zoophytogenous diet for 11 consecu-
tive generations, but remained relatively constant for the wild
colony, as did the reproductive rate and intrinsic rate of increase.
Although, after 11 generations of adaptation to an artiﬁcial diet
feeding regime, all reproductive and fertility table parameters
were still signiﬁcantly lower than when fed on Trichoplusia ni Hüb-
ner (Lepidoptera: Noctuidae) larvae as the natural prey. For contin-
uous rearing of Perillus bioculatus Fabricius (Hemiptera:
Pentatomidae), most published papers report the use of secondary
prey (Adams, 2000; Yocum and Evenson, 2002), or the combination
of a secondary prey and an artiﬁcial diet (Yocum and Evenson,
2002). Rojas et al. (2000) tested the effects of 2 meridic diets on
P. bioculatus. Initially, developmental time and preovipositional
period were signiﬁcantly longer, and egg viability, survival from
egg to adult, and fecundity were signiﬁcantly lower in P. bioculatus
individuals reared on artiﬁcial diets than in those reared on L.
decemlineata eggs. However, a signiﬁcant reduction in develop-
mental time, increase in survival from egg to adult, and reduction
in length of the preovipositional period were observed after 11
generations. No changes in egg viability were observed after 11
generations of diet rearing. Coudron and Kim (2004) showed that
when fed an insect-free zoophytogenous artiﬁcial diet during both
the nymphal and adult stages, developmental times of P. bioculatus
were prolonged, and the net reproductive rates and the intrinsic
rates of increase were signiﬁcantly lower than when fed larval T.
ni at both nymphal and adult stages.
In China pupae of the Chinese oak silk moth (COSM), Antheraea
pernyi Guérin-Méneville (Lepidoptera: Saturniidae) have often
been used as an alternative prey to natural prey, such as Ambros-
toma quadriimopressum Motschulsky (Coleoptera: Chrysomelidae)
and Dendrolimus spp. (Lepidoptera: Lasiocampidae), to rear A. chin-
ensis because of the low cost and availability of COSM pupae (Gao,2010; Gao et al., 1993; Xu et al., 1984). Gao et al. (1993) developed
a modiﬁed diet for rearing A. chinensiswhich was mainly composed
of COSM pupal hemolymph. The developmental time of nymphs
was 9 days longer when reared on this diet than those fed on COSM
pupae.
An effective insect-free diet for rearing A. chinensis for multiple
generations has not been recorded prior to this report. Our re-
search objectives were to develop an artiﬁcial diet devoid of insect
components for rearing A. chinensis for multiple generations and to
compare the biological characteristics of the predator reared on
artiﬁcial diet to those reared on COSM pupae.
2. Materials and methods
The A. chinensis used to establish a laboratory colony for this
study were obtained in April 2011 from Institute of Forest Protec-
tion, Jilin Provincial Academy of Forestry Sciences, Changchun. The
colony was maintained on COSM pupae and held at 27 ± 1 C, 16:8
(L:D) and 75 ± 5% RH for ca. 4 generations prior to this study. Fe-
male A. chinensis laid egg masses on the surface of cage net or soy-
bean leaves. Egg masses of A. chinensis were collected from the
laboratory colony and transferred onto #5 qualitative ﬁlter paper
moistened with distilled water in a 9 cm diam. Petri dish under
the conditions described above. Distilled water was added to the
ﬁlter paper once every day. Egg hatch occurred in ca. 6 days. First
instars were placed in 310 mL transparent plastic cups containing
a piece of moist absorbent cotton. Molt to 2nd instar occurred ca.
3 days after egg hatch.
2.1. Food preparation
COSM pupae were purchased from a supermarket in Beijing and
stored at 4 C until fed to A. chinensis. No additional preparation
was required. Pupae were not used beyond 15 days of storage.
The artiﬁcial diet devoid of insect components was composed of
a chemically deﬁned portion (Table 1) plus supplemental materials
(Table 2). The list of ingredients presented in Tables 1 and 2 repre-
sents the ﬁnal composition per 220 mL of diet. The ingredients
were blended together, the mixture adjusted to pH 6.8 and stored
at 4 C prior to use. The artiﬁcial diet was encapsulated in a com-
posite sheet (15 cm  10 cm), constructed of Paraﬁlm and plastic
ﬁlm (Heyuan Evergreen Plastics Mfg. Co., Ltd. Taiwan), sterilized
Table 2
Natural product ingredients in 220 mL of artiﬁcial diet.
Supplement Amount
Oil
Wheat germ oila 20 mL
Animal protein
Chicken egg 40 mL
Raw pig liver 40 g
Tuna ﬁsh in oilb 40 g
a K-Lex brand (Alaska, USA).
b Canned Century brand in soybean oil (Thai Union Manufacturing Co., Ltd.,
Thailand).
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hemispherical domes (Greany and Carpenter, 1998; Coudron et al.,
2000). The diet domes were refrigerated at 4 C for up to 7 days
prior to feeding, and new diet was prepared weekly.
Adults were held in 450 mL paper cups, 1 mated pair per cup,
and supplied with distilled water absorbed in a cotton swab. Two
soybean seedlings at the two cotyledon stage were provided in
the adult rearing chambers in water-ﬁlled 6 cm  1.5 cm-glass
tubes. Water was added to the tubes every 2–3 days.
2.2. Rearing with secondary prey
A total of 150 2nd instars were individually placed in 300 mL
paper cups and fed through nylon netting which served as the lid
of the containers. The nymphs were isolated from each other dur-
ing their development to prevent cannibalism. The 2nd instars
were provided with distilled water in absorbent cotton and 1
COSM pupae on the lid. This procedure was used until adult emer-
gence. Distilled water was added daily and the COSM pupae were
replaced every 7 to 12 days. The insects were observed daily to re-
cord molting evidenced by the presence of exuviae.
Adults were reared as previously described. A fresh COSM pupa
was provided every 7 to 12 days. Paired females and males were al-
lowed to mate from the time of adult eclosion. The number of eggs
oviposited per female over their whole life was used to determine
egg viability. A total of 50 eggs were used (10 for each replicate) for
weight measurements. Longevity of adults and adult-cannibalism,
veriﬁed by the empty corpse of the adult, were also recorded. Dead
males were replaced by another virgin male of the same age. One
hundred couples were observed. Preliminary observations (data
not shown) of 7 successive generations indicated that the life his-
tory parameters of wild colonies reared on COSM pupae remained
stable. Therefore, only F1 data were collected for the COSM-fed
colonies.
2.3. Rearing with artiﬁcial diet
Individual 2nd instars were placed in 300 mL paper cups and
maintained through the adult stage as described above. Each day
the nymphs and adults were provided with fresh distilled water
and encapsulated diet. The 2nd, 3rd, 4th, 5th instars and adult pairs
were given 1, 1, 2, 3, and 8 diet domes (40 lL/dome), respectively.
Diet domes fed to nymphs and adults were changed every day. A.
chinensis was reared for 6 consecutive generations exclusively on
the artiﬁcial diet.
2.4. Life history evaluation
Daily observations were made to record changes in develop-
ment for individuals reared on each treatment. Two days after
emergence adults were weighed. Weight measurements were
made using a Sartorius BP 211D (Sartorius AG, Göttingen, Ger-many) balance. Eggs were collected and counted from each mated
pair daily. Egg hatch (i.e., viability) was determined by counting
the number of 1st instars hatched 8 days after oviposition. The
number of cannibalized eggs was veriﬁed by the empty eggshells.
Fecundity was determined by counting the total number of eggs
oviposited per female during its entire life and fertility was deter-
mined by counting the number of females that laid fertile eggs
(Rojas et al., 2000;Wittmeyer et al., 2001). For fertility calculations,
females that did not lay eggs because of death due to cannibalism
during the 15 days after pairing were removed.
One-way ANOVA and Fisher’s LSD test (P < 0.05) at a = 0.05
were used to compare weight, developmental time, preoviposi-
tional period, adult longevity, and total fecundity in different treat-
ments (SAS version 8.0). The proportion of viable eggs, survival
from egg to adult, cannibalism, and fertility were compared across
treatments and over generations by the Z test. Chi-square test was
used to compare sex ratio. Sigma Stat version 3.5 was used to ana-
lyze the data.3. Results
There were no signiﬁcant differences in developmental times
between males and females of A. chinensis in any of the treatments;
therefore, developmental time comparisons were done without sex
distinction. Developmental time to egg hatch was signiﬁcantly
shorter for eggs of 4th generation diet-fed A. chinensis than of
COSM-fed A. chinensis (Table 3). This difference, although statisti-
cally signiﬁcant, was small (F5, 294 = 2.61, P < 0.001). There was
no signiﬁcant difference in developmental time for 1st-instar
nymphs in all treatments (F5, 294 = 0.41, P < 0.001). However, devel-
opmental time was signiﬁcantly longer for 2nd-instar nymphs
reared on diet in all 6 generations than those reared on COSM. Sec-
ond generation diet-fed 2nd instars completed development
approximately 2 days later than those reared on COSM
(F6, 343 = 31.32, P < 0.001). There were signiﬁcant differences in
developmental time between 3rd-instar nymphs reared on diet
in all 6 generations and those reared on COSM. The 3rd-instar
nymphs reared on diet completed development approximately 1
to 2 days later than those reared on COSM (F6, 343 = 35.67,
P < 0.001). Developmental time was signiﬁcantly shorter for 4th-
instar nymphs reared on COSM than those reared on diet in all 6
generations. The 4th-instar nymphs reared on diet completed
development approximately 1 to 4 days later (for generations 4,
5 and 6 and generation 3, respectively) than those reared on COSM
(F6, 343 = 19.26, P < 0.001). For 5th-instar nymphs, the developmen-
tal time was signiﬁcantly longer for those reared on diet in all 6
generations than those reared on COSM. The longest developmen-
tal time for diet-fed 5th-instar nymphs (3rd generation) was
approximate 2 times longer than those reared on COSM (F6,
343 = 22.00, P < 0.001). Overall, developmental time from 2nd instar
to adult was extended signiﬁcantly by approximately 5 to 13 days
for nymphs reared on diet compared to those reared on COSM
(F6, 343 = 44.05, P < 0.001).
A. chinensis females were heavier than males in all treatments.
Adult females and males reared on COSM weighed an average of
24.89 to 37.27 mg and 3.66 to 14.28 mg more than those reared
on diet in all generations (F6, 343 = 51.39, P < 0.001 and
F6, 343 = 18.37, P < 0.001, respectively) (Table 4).
The pre-ovipositional period of females was extended signiﬁ-
cantly in diet-fed insects compared to those reared on COSM. The
female reared on diet required approximate twice the pre-oviposi-
tion time than those fed on COSM (F6, 343 = 51.82, P < 0.001)
(Table 4). The longevity of adults reared on diet was signiﬁcantly
longer than that of those reared on COSM. Diet-fed females and
males lived approximate 12 and 22 days longer, respectively, than
Table 3
Egg and nymphal developmental time (days) of Arma chinensis reared on pupae of Chinese oak silk moth, Antheraea pernyi (Control) and artiﬁcial diet (AD) for 6 generations.
Values are mean ± SE. Means in columns with the same letter are not signiﬁcantly different at a = 0.05 (one-way ANOVA, Fisher’s LSD Test; P < 0.05).
Treatment n Egga 1st instarb 2nd instar 3rd instar 4th instar 5th instar 2nd instar to adult
Control 50 6.40 ± 0.08 ab 3.22 ± 0.06 a 4.10 ± 0.09 d 3.40 ± 0.07 d 4.00 ± 0.10 d 5.88 ± 0.08 d 17.38 ± 0.15 e
AD F1 50 4.44 ± 0.13 c 5.18 ± 0.15 ab 6.52 ± 0.20 b 9.04 ± 0.22 bc 25.18 ± 0.40 c
AD F2 50 6.28 ± 0.08 abc 3.28 ± 0.06 a 6.12 ± 0.14 a 5.44 ± 0.08 a 6.62 ± 0.38 b 9.54 ± 0.49 b 27.72 ± 0.62 b
AD F3 50 6.18 ± 0.08 bc 3.20 ± 0.06 a 4.96 ± 0.11 b 5.30 ± 0.20 ab 7.72 ± 0.57 a 12.84 ± 0.93 a 30.82 ± 1.35 a
AD F4 50 6.08 ± 0.09 c 3.16 ± 0.06 a 5.14 ± 0.11 b 5.00 ± 0.12 b 5.28 ± 0.15 c 8.22 ± 0.34 c 23.64 ± 0.44 cd
AD F5 50 6.34 ± 0.08 ab 3.22 ± 0.07 a 5.22 ± 0.11 b 4.30 ± 0.09 c 5.08 ± 0.13 c 7.96 ± 0.33 c 22.56 ± 0.43 d
AD F6 50 6.42 ± 0.08 a 3.20 ± 0.06 a 5.20 ± 0.11 b 4.28 ± 0.09 c 5.06 ± 0.13 c 7.82 ± 0.26 c 22.36 ± 0.37 d
a Egg mass.
b 1st instar clutch.
Table 4
Adult weight, preoviposition, longevity, total fecundity and fertility of Arma chinensis reared on pupae of Chinese oak silk moth, Antheraea pernyi (Control) and artiﬁcial diet (AD)
for 6 generations. Values are mean ± SE. Means in columns with the same letter are not signiﬁcantly different at a = 0.05 (one-way ANOVA, Fisher’s LSD Test; P < 0.05). The upper
and lower case letters in columns designate male and female adults, respectively.
Treatment Gender n Weighta (mg) Preoviposition (days) Longevityb (days) Total fecundityc nd Fertilitye
Control Female 50 94.35 ± 1.64 a 5.90 ± 0.14 d 32.92 ± 0.85 c 460.00 ± 17.43 a 100 1.000 a
Male 50 57.00 ± 0.97 A 41.32 ± 0.95 D
AD F1 Female 50 67.52 ± 1.33 b 11.60 ± 0.33 b 34.94 ± 1.32 bc 181.82 ± 10.82 c 150 0.904 bc
Male 50 47.67 ± 1.00 C 51.74 ± 2.41 BC
AD F2 Female 50 59.42 ± 1.88 c 13.96 ± 0.61 a 38.38 ± 1.31 b 140.86 ± 10.85 d 150 0.733 d
Male 50 42.72 ± 1.15 D 45.92 ± 2.94 CD
AD F3 Female 50 57.08 ± 1.61 c 10.94 ± 0.39 b 37.34 ± 1.18 b 187.44 ± 10.94 c 120 0.875 c
Male 50 45.63 ± 1.37 CD 63.16 ± 3.86 A
AD F4 Female 50 69.46 ± 1.62 b 9.50 ± 0.22 c 45.40 ± 1.78 a 269.48 ± 14.74 b 120 0.975 a
Male 50 53.34 ± 1.34 B 54.92 ± 1.63 B
AD F5 Female 50 69.00 ± 2.03 b 12.98 ± 0.42 a 44.36 ± 1.64 a 261.78 ± 13.93 b 140 0.964 ab
Male 50 51.01 ± 0.91 B 53.36 ± 1.46 B
AD F6 Female 50 69.27 ± 1.60 b 13.14 ± 0.39 a 45.24 ± 1.57 a 257.16 ± 13.45 b 130 0.969 ab
Male 50 52.94 ± 1.26 B 54.02 ± 1.66 B
a Measured 2 days after emergence of adults.
b Adults died naturally.
c Average eggs per fertile female.
d Total number of mated females.
e Proportion of females that oviposited.
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P < 0.001) (Table 4).
The difference in total fecundity between COSM-fed and diet-
fed treatment in all generations was highly signiﬁcant
(F6, 343 = 60.90, P < 0.001) (Table 4). The mean fecundity of diet-
fed females increased with successive generations. The fourth gen-
eration females reared on diet were approximate twice as fecund
as 2nd generation diet-fed females. However, the fecundity of
4th generation diet-fed females was still signiﬁcantly less than that
of females reared on COSM (F6, 343 = 60.90, P < 0.001) (Table 4).
Lower fecundity in diet-fed females was exhibited mainly by smal-
ler egg mass of ca. 10 to 20 eggs per egg mass compared to 20 to 30
eggs per egg mass for prey-fed females (data not shown).
The proportion of fertile females (i.e., females that oviposited
eggs) was signiﬁcantly lower for F1, F2 and F3 diet-fed females than
COSM-fed females (Z = 2.886, 5.310, and 3.381, respectively,
P = 0.004, P < 0.001, and P < 0.001). The proportions of fertile fe-
males increased from F2 to F4, and the proportion remained compa-
rable to COSM-fed for F4 to F6 (Z = 1.008, 1.457, and 1.266,
respectively, P = 0.313, 0.145, and 0.206, respectively) (Table 4).
The weight of eggs of A. chinensis reared on COSM was signiﬁ-
cantly higher than the weight of eggs from A. chinensis reared on
diet in all 5 generations (F5, 294 = 20.96, P < 0.001) (Table 5). The
weight of eggs of A. chinensis reared on diet ﬂuctuated slightly from
one generation to another but there was no trend over the succes-
sive generations. The lowest egg weight recorded was of eggs from
the 2nd and 4th generation of diet-fed insects. The viability of F2 to
F6 eggs from diet-fed females was signiﬁcantly lower than those offemales reared on COSM (Z = 14.911, 12.839, 21.193, 22.459, and
23.788 respectively, P < 0.001) (Table 5). Further, there was a
signiﬁcant decrease in viability of eggs from diet-fed females over
F3 to F6 generations.
There was no signiﬁcant difference in survival from 1st to
2nd-instar nymphs between COSM and diet treatments in all 5
generations (Z = 1.181, 0.309, 1.761, 0.998, and 1.844, respec-
tively, P = 0.238, 0.757, 0.078, 0.318, and 0.065, respectively).
However, the survival from 2nd instar to adult was signiﬁcantly
reduced in diet-fed treatments from F1 to F3 compared to the
COSM-fed (Z = 7.253, 2.188, and 5.231, respectively, P < 0.001,
P = 0.029, and P < 0.001, respectively). Survival of diet-fed indi-
viduals from 2nd to adult increased from F4 to F6 generations
compared to that of F3 (Z = 4.766, 4.316, and 4.449, respectively,
P < 0.001), and was similar to COSM-fed survival (Z = 0.352,
0.850, and 0.704, respectively, P = 0.725, 0.395, and 0.482)
(Table 5).
The food source impacted the sex ratio (#:$). There were more
males than females in the diet-fed F1 and F3 adults and a signiﬁcant
difference in sex ratio between COSM-fed and diet-fed F1 to F3
(v2 = 41.592, 8.132, and 12.586, respectively, P < 0.001, P = 0.004,
and P < 0.001, respectively). However, there was no signiﬁcant dif-
ference in sex ratio between COSM-fed and diet-fed treatments
from F4 to F6 (v2 = 1.651, 2.489, and 2.491, respectively,
P = 0.199, 0.115, and 0.114, respectively), where the proportion of
females was greater than males but the proportion of females in
COSM-fed group was more than for the diet-fed group in F4, F5
and F6 (Table 5).
Table 5
Egg weight (mean ± SE) (mg), egg viability, survival and sex ratio of Arma chinensis reared on pupae of Chinese oak silk moth, Antheraea pernyi (Control) and artiﬁcial diet (AD) for
6 generations. Values (expressed as proportions) in columns with the same letter are not signiﬁcantly different at a = 0.05 (SigmaStat version 3.5, Z test). Sex ratio with the same
letter are not signiﬁcantly different at a = 0.05 (SigmaStat version 3.5, Chi-square test). Means in columns with the same letter are not signiﬁcantly different at a = 0.05 (one-way
ANOVA, Fisher’s LSD Test; P < 0.05).
Treatment n Egg weighta (mg) n Egg viabilityb n Survivalc to 2nds n Survivald to adults n Sex ratio (#:$)
Control 50 0.51 ± 0.00 a 1549 0.963 a 1437 0.965 a 150 0.887 a 917 1:1.498 d
AD F1 50 150 0.493 d 353 1:0.657 a
AD F2 50 0.45 ± 0.00 c 11,607 0.811 c 1106 0.974 a 150 0.787 b 368 1:1.044 bc
AD F3 50 0.47 ± 0.01 b 3312 0.833 b 1140 0.968 a 150 0.620 c 227 1:0.876 ab
AD F4 50 0.45 ± 0.00 c 7493 0.708 d 1033 0.978 a 150 0.867 ab 332 1:1.259 cd
AD F5 50 0.46 ± 0.01 bc 11,081 0.691 e 1017 0.973 a 150 0.847 ab 281 1:1.195 bcd
AD F6 50 0.46 ± 0.01 bc 6356 0.661 f 933 0.979 a 150 0.853 ab 348 1:1.217 bcd
a Measured 2 days after egg deposit.
b Proportion of eggs not cannibalized that successfully hatched.
c Proportion of 1st instars developing to 2nd instars.
d Proportion of 2nd instars developing to adults.
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However adults reared on diet in all generations were observed
cannibalizing eggs. In contrast, egg cannibalism did not occur in
adults reared on COSM (Z = 11.342, 17.160, 12.885, 11.101, and
10.663 for generations 2, 3, 4, 5, and 6, respectively, P < 0.001) (Ta-
ble 6). Adult cannibalism was observed in both COSM-fed and diet-
fed treatments when adults were paired for mating. In preliminary
tests cannibalism exceeded 60% without plant material present
during adult mating (data not shown). However, the presence of
a soybean seedling in the mating arena reduced adult cannibalism
for both COSM-fed and diet-fed treatments. Consequently, the
studies reported here were conducted in the presence of a soybean
seedling.
The proportion of cannibalized females in diet-fed treatments of
F1, F2, F3, F5 was signiﬁcantly higher than that in COSM-fed
(Z = 4.230, 7.581, 2.268, and 1.974, P < 0.001, P < 0.001, P = 0.023,
and P = 0.048, respectively) (Table 6). Thereweremore cannibalized
females in diet-fed F4 and F6 than in COSM-fed insects, although
there were no signiﬁcant differences between diet-fed F4, F6 and
COSM-fed (Z = 1.648 and 1.595, P = 0.099 and 0.111, respectively)
(Table 6). A similar situationoccurred inmales of all groups. Thepro-
portion of cannibalized males was signiﬁcantly higher in diet-fed
groups than in COSM-fed (Z = 5.449, 8.292, 3.867, 3.495, 3.661, and
3.821 for F1 to F6 respectively, P < 0.001) (Table 6).4. Discussion
Our results demonstrated less desirable biological parameters
in A. chinensis reared on an artiﬁcial zoophytogenous diet com-Table 6
Cannibalism of eggs and adults of Arma chinensis reared on pupae of Chinese oak silk moth,
as proportions) in columns with the same letter are not signiﬁcantly different at a = 0.05
Treatment n Life stages cannibalized
Egg cannibalisma nb
Control 1549 0.000 e 100
AD F1 150
AD F2 12,589 0.078 c 150
AD F3 3981 0.168 a 120
AD F4 8316 0.099 b 120
AD F5 11,979 0.075 cd 140
AD F6 6834 0.070 d 130
a Proportion of eggs cannibalized.
b Total number of adult pairs.
c Proportion of females cannibalized in the total number of adult pairs (nb), veriﬁed b
d Proportion of males cannibalized in the total number of adult pairs (nb), veriﬁed by
same age.pared to a secondary prey. But some of the characteristics
improved over successive generations in diet-fed insects, such as
developmental time, survival from 2nd instar to adult, sex ratio
(#:$), adult weight, fecundity and fertility, which suggests genetic
selection or adaptation over successive generations.
Developmental time in 2nd to 5th instar of diet-fed nymphs
was longer than for prey-fed nymphs and became more pro-
nounced in 2nd and 3rd generations of treatment. The greatest
cumulative effect of slower development in diet-fed nymphs oc-
curred during the 3rd generation. Increased developmental time
in successive generations may reﬂect a nutritional deﬁciency in
the diet or slow depletion of a nutritient(s) acquired prior to the
onset of treatment. Additionally, by comparison of developmental
times, A. chinensis required 9 days more to develop on artiﬁcial diet
comprised of COSM pupal hemolymph and sucrose than on COSM
pupae (Gao et al., 1993).
Extension of developmental time has also been shown in other
predatory stink bugs reared on artiﬁcial diets without insect com-
ponents. For example, P. maculiventris (De Clercq and Degheele,
1992; Wittmeyer and Coudron, 2001), Podisus sagitta Fabricius
(Hemiptera: Pentatomidae) (De Clercq and Degheele, 1992) and
P. bioculatus (Coudron and Kim, 2004; Rojas et al., 2000).
The preovipositional period of A. chinensis diet-fed females was
longer than for prey-fed females, which has been recorded for
other predatory bugs, e.g., P. maculiventris (De Clercq and Degheele,
1992; Wittmeyer and Coudron, 2001), P. sagitta (De Clercq and
Degheele, 1992) and P. bioculatus (Coudron and Kim, 2004; Rojas
et al., 2000). Also, both male and female diet-fed adults lived longer
than prey-fed adults. We speculate the increase in longevity is, inAntheraea pernyi (Control) and artiﬁcial diet (AD) for 6 generations. Values (expressed
(SigmaStat version 3.5, Z test).
Adult female cannibalismc Adult male cannibalismd
0.070 d 0.070 d
0.300 b 0.387 b
0.547 a 0.600 a
0.183 c 0.283 bc
0.150 cd 0.258 c
0.164 c 0.264 c
0.146 cd 0.277 bc
y the empty corpse of the females.
the empty corpse of the males. Dead males were replaced with virgin males of the
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ulation supported by the disposable soma theory of aging (Kirk-
wood and Holliday, 1979). According to this theory, there is an
inverse relationship between reproductive activity and lifespan
whereby an extension of lifespan and improved maintenance of
somatic cells reduces resources available for the germ line. The
improved maintenance of the soma and prolongation of its life is
achieved at the cost of decreased reproductive activity has also
been demonstrated in kinetin-fed Zaprionus indianus Gupta (Dip-
tera: Drosophilidae) (Sharma et al., 1997) and diet-fed Drosophila
melanogaster Meigen (Diptera: Drosophilidae) (Chippindale et al.,
1993; Chapman and Partridge, 1996; Grandison et al., 2009).
The total fecundity between 1st and 4th generation of diet-fed
A. chinensiswas signiﬁcantly different though the females had sim-
ilar weights. Several previous studies with heteropteran predators
also showed no correlation between body weight of adult females
and fecundity; for example in prey-fed Podisus nigrispinus Dallas
(Hemiptera: Pentatomidae) (Mohaghegh-Neyshabouri et al.,
1996; Zanuncio et al., 2001), Pristhesancus plagipennis Walker
(Hemiptera: Reduviidae) (Grundy et al., 2000) and P. maculiventris
(Mohaghegh-Neyshabouri et al., 1996). For diet-fed P. bioculatus,
no correlation between body weight and the fecundity was found.
Although the female weights were similar the total fecundity was
signiﬁcantly different between diet 1-fed and diet 2-fed females
(Rojas et al., 2000). Therefore, the use of body weight as a param-
eter to evaluate fecundity of A. chinensis should be approached
with caution.
More emphasis has been placed on the study of parasitoid
oogenesis then on predator oogenesis and oviposition. Synovigenic
parasitoids are able to continuously produce eggs as is true for pre-
dators. Host feeding in many of the synovigenic parasitoids is re-
quired to attain egg maturation (Jervis and Kidd, 1986). It has
been widely assumed that host feeding is needed to supply protein
for egg maturation (Jervis and Kidd, 1986). However, when fed
with a juvenile hormone mimic in a synthetic diet, Exeristes com-
stockii Cresson (Hymenoptera: Ichneumonidae) produce normal
numbers of eggs (Braken and Nair, 1969; Quicke, 1997). For the
boll weevil parasitoid Catolaccus grandis Burks (Hymenoptera:
Pteromalidae), egg maturation is activated by contact with the host
and not by host feeding (Morales-Ramos et al., 1996). Quicke
(1997) mentions the possibility that many of the synovigenic par-
asitoids may require host hormones or other host chemicals to
activate egg maturation. Were a similar phenomenon to occur in
predaceous insects it could explain the phenomenon that the low
fecundity observed on diet-fed female of A. chinensis may not be
exclusively the result of nutritional deﬁciency but also of the lack
of chemical or behavioral cues.
A sex ratio (#:$) shift in favor of males in populations reared
on non-natural food was also found in P. maculiventris reared on
Galleria mellonella Linnaeus (Lepidoptera: Pyralidae) larvae (male:-
female = 1:1.4) and in successive generations reared on a meat diet
(G1, male:female = 1:0.6) (De Clercq and Degheele, 1992). Sex ratio
changes mirrored adult survival changes, suggesting the possibility
sex ratio change could be due to a decrease in female survival in
diet-fed treatment. The improvement in sex ratio after 4 genera-
tions indicated some degree of adaptation to, or selection for, the
diet.
Cannibalism occurred more frequently in egg and adult stages
of diet-fed than COSM-fed A. chinensis. A similar phenomenon of
cannibalism was also found in P. maculiventris and P. sagitta fed
artiﬁcial diet based on bovine meat and natural prey (De Clercq
and Degheele, 1992). The higher proportion of cannibalism in
diet-fed predators than that in the COSM-fed group probably indi-
cated some nutritional deﬁciency in diet-fed adults.
For this study supplying soybean seedling to A. chinensis adults
reduced cannibalism (data not shown). According to our observa-tions, nymphs of A. chinensis did not probe plants when supplied
COSM pupae and water, but adults did probe leaf veins of the soy-
bean seedlings. Recent studies also indicate that the presence of
plant materials reduced the intensity of cannibalism in A. chinensis
(Song et al., 2010) and some omnivorous bugs (Coll and Guershon
2002; Laycock et al., 2006; Leon-Beck and Coll, 2007). Additionally,
a similar method was used during a pre-release period for Brontoc-
oris tabidus Signoret (Hemiptera: Pentatomidae) and P. nigrispinus
which again was to reduce the occurrence of cannibalism and in-
crease the predatory capacity of these natural enemies (Pires
et al., 2011). Therefore, a combination of plant and artiﬁcial diet
in in vitro mass rearing of predatory stinkbug is a promising
practice.
Although no measurements were made, we observed that diet-
fed adults and nymphs of A. chinensis released less defense odor
during routine handling than prey-fed insects. There may also be
a correlation between the food stream and the production and
emission of defense odors. This observation merits further investi-
gation because less defense odor in diet-fed A. chinensis may also
contribute to higher cannibalism.
The zoophytogenous artiﬁcial diet is a signiﬁcant achievement
in the development of a cost-effective method of producing A. chin-
ensis.We believe the zoophytogenous artiﬁcial diet is a good start-
ing formulation and with improvements will enable the
production of predators with biological parameters similar to
prey-fed insects. Future diet improvements should concentrate
on the increase of fecundity and decrease developmental time.Acknowledgments
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